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SUMMARY 


An investigation has been made in the Langley high-speed 7- by 
10 -foot tunnel through a range of Mach numbers from 0 . 60 to 0 . 95 of the 
static longitudinal and lateral stability and control characteristics 
of a canard airplane configuration and an outboard-tail configuration. 
The canard model had a twisted wing with approximately 6 j° of sweepback 
and an aspect ratio of 2.91 and was tested with three trapezoidal canard 
surfaces having ratios of exposed area to wing area of 0.032, 0. 076, and 
.21, The canard model had a single body-mounted vertical tail. The 
outboard-tail model had its horizontal- and vertical-tail surfaces 
mounted on slender bodies attached to the wing tips and located to the 
rear and outboard of the 67° sweptback wing of aspect ratio 1 . 00 . The 
data, which are presented with limited analysis, provide information at 
lgh subsonic speeds on these two types of high-speed airplanes which 
have previously been tested at supersonic speeds and reported in NACA 
RM L58BO7 and NACA RM L 58 E 20 . 


INTRODUCTION 


Problems of trim drag and of maintaining adequate longitudinal and 
ateral stability throughout the operational angle-of-attack range for 
high-speed airplanes have stimulated research on many different types of 
a rp ane configurations. A study of these problems is presented in ref- 
erence 1 and some configurations designed to alleviate these problems 
are suggested in references 1 and 2 . The present investigation, which is 
presented with limited analysis, was undertaken to provide stability and 
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control information at high subsonic speeds on two different types of 
high-speed airplanes previously tested at supersonic speeds as reported 
in references 3 and 4. 

The outboard-tail model and the canard model tested in the present 
investigation were related in that both models used the same body and 
the wings had the same leading-edge and trailing-edge sweep angles and 
the same root-chord length. The present canard configuration was tested 
with three different sizes of canard surfaces in combination with the 
twisted wing used in the investigation of reference 4. Test results at 
subsonic speeds for these models were obtained in the Langley high-speed 
7- by 10-foot tunnel at Mach numbers from 0.(>0 to 0.95 an( l the corre- 
sponding test Reynolds number range varied from 2.1 X 10^ to 3.4 X 10 
based on the mean aerodynamic chord. Both static longitudinal and lateral 
stability data were obtained for a maximum angle-of-attack range of 
approximately -2° to 22°. 


COEFFICIENTS AND SYMBOLS 


The axis system used and the direction of positive forces, moments, 
and angles are presented in figure 1. The basic reference area, span, 
and mean aerodynamic chord used for the reduction of the outboard- tail 
model data were based on the composite geometry of the wing plus 
horizontal-tail surfaces whereas the geometry- of the wing alone was 
used for the canard model. The reference center of moments (center- 
of-gravity positions) are indicated in figures 2 and 3 for the respec- 
tive models. Coefficients and symbols are defined as follows: 

C L lift coefficient, 

Drag 

Cj) drag coefficient, 

_ , ^ Pitching moment 

CL, pitching-moment coefficient, “ 


rolling-moment coefficient, 


Rolling moment 
qSb 


Cn 


yawing -moment coefficient , 


Yawing moment 
qSb 


°Y 


Lateral force 
qS 


lateral-force coefficient, 


^ H 0JC04 



u r-u\]m 
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St- 



rolling moment due to sideslip. 



per deg 



yawing moment due to sideslip. 


dC n 

— S per deg 

5(3 



lateral force due to sideslip. 


dCy 

5T' per des 


b span of wing for canard model or wing plus horizontal tail 

for outboard- tail model, ft 

c wing chord, ft 

C mean aerodynamic chord of wing for canard model or wing 

plus horizontal tail for outboard-tail model, ft 

it incidence of outboard horizontal- tail surface, positive 

when trailing edge is down, deg 

2 

q free-stream dynamic pressure, lb/sq ft 

L/D lift-drag ratio 

M Mach number 

S area of wing for canard model or wing plus horizontal tail 

for outboard-tail model, sq ft 

V free-stream velocity, ft/sec 

a angle of attack, deg 

(3 angle of sideslip, deg 

S c canard control deflection, positive when trailing edge is 

down, deg 

p mass density of air, slugs/cu ft 

A sweep angle, deg 
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Subscripts: 

le leading edge 

te trailing edge 

Configuration designation: 

W wing not including outboard-tail surface , outboard- tail 

model 

W x twisted wing, canard model 

F fuselage 

B outer bodies 

V twin vertical-tail surface 

Vp single vertical tail 

H outboard horizontal-tail surface 

C]_ medium canard 

C2 small canard 

C'j large canard 


MODEL, APPARATUS, AND TESTS 


Details of the outboard-tail model and zhe canard model are shown 
in figures 2 and 3, respectively, and the geometric characteristics are 
given in tables I and II. The outboard-tail model used in the present 
investigation is the same model as that of reference 3 which was tested 
in the Langley 4-foot supersonic pressure tormel. The wing had NACA 
65A004 airfoil section at the wing root and NACA 65AOO3.5 airfoil section 
at 0.60 semi span, whereas the horizontal panel had a 0. 40- chord hexagonal 
section. All airfoil sections given were parallel to the plane of sym- 
metry. The wing had an aspect ratio of 1.00 a taper ratio of O.33, and 
had a leading-edge sweepback angle of 67° (f:,g. 2). Each outboard body 
had a conical nose section, a cylindrical center section, and was arbi- 
trarily faired into a square cross section in the vicinity of the tails. 
The vertical tails had a 0. 40-chord hexagonal section. 


•P'CD (Y) p (H 
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The canard configuration was the same model with the twisted wing 
which was tested in the Langley 4 -foot supersonic pressure tunnel (ref. 4 ). 
The model had a wing with linear twist to 4 ° washout at the tip and was 
composed of NACA 65A series sections with thickness ratios of 4 percent 
at the root, 3.5 percent at the 50-percent semispan, and 3 percent at 
the tip. The wing had a sweep of about 67® and an aspect ratio of 2 . 91 
(fig. 3 )* The vertical tail and canard surfaces had hexagonal sections 
and a thickness ratio of 3 percent. Three sizes of canard surfaces 
were tested^ these three were designated as small, medium, and large 
and had ratios of exposed area to wing area of 0. 032, 0. 076, and 0. 121 
respectively. ’ 

The coordinates for the elliptical cross-section fuselage used for 
both models are found in references 3 and 4; the fuselage was indented 
by the area- rule method for M = 1 . 4 . 

The models were tested on the sting-support system of the Langley 
high-speed 7- by 10-foot tunnel which was remotely operated through 
an angle -of -at tack range from - 2 ° to 22 °. The tests were made through 
a Mach number range of 0 . 60 to 0 . 95 , which corresponds to a Reynolds 

number range from approximately 2. 1 x 10 ^ to 3 * 4 X 10 ^ based on the wing 
mean aerodynamic chord. Photographs of the two models tested are pre- 
sented in figure 4. 

Some tests of the outboard-tail model as well as the canard model 
were made with transition strips of 0. 10 -inch width located at 10 percent 
of the body length and wing chord. The particles used to make up the 
roughness of the transition strips were of such size as to have a Reynolds 
number based on roughness height in excess of the minimum critical value 
based on the criteria presented in reference 5. 


CORRECTIONS 


Blockage corrections determined by the method of reference 6 were 
applied to the data. Jet-boundary corrections to angle of attack and 
drag were determined from reference 7 and added to the angle-of-attack 
and drag coefficients. 

Tares due to the sting support, which past experience has shown to 
be negligible, have not been applied. The drag has been adjusted to 
correspond to free-stream static pressure acting on the base of the model. 

The angles of attack and sideslip have been corrected for deflection 
of the sting support and balance under load. No attempt has been made to 
correct the data for aeroelastic distortion of the wing. 
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PRESENTATION OF KE SUITS 

The static longitudinal and lateral aerodynamic stability charac- 
teristics for the outboard- tail model are presented in figures 5 to 10. 

The static longitudinal and lateral aerodynamic stability characteristics 
for the canard model are presented in figures 11 to 23- For convenience, 
an index to the data figures is presented in the following table: 

Figure 

Outboard-tail configuration: L 

Effect on longitudinal aerodynamic characteristics of - 1 

Various combinations of components (WF, VFB, WFBV, 2 

and WFBVH) 5 8 

Horizontal-tail incidence (WBVH) .. 6 4 

Transition (WF and WFBVH) 7 

Transition and lift-drag ratio (WF and WFBVH) 8 

Effect of addition of vertical tail on lateral stability 

derivatives (WFBH and WFBVH) 9 

Effect of angle of attack on lateral stability data 10 

Canard configuration: 

Effect on longitudinal aerodynamic characteristics of - 
Various combinations of components (FV^_, FV^Cp, W]F, 

WiFV x , WjFCi, and WjFVtCx) 11 

Canard- surface size (complete configuration) 12 

Canard- surface size and lift-drag ratio (complete 

configuration) 13 

Canard- surf ace deflection (WiFVpCi) .... 14 

Canard-surface deflection (WpFVpC2) 15 

Canard-surface deflection (W]_FV]_Cj) pg 

Transition (W^FV^Ci) 17 

Canard- surface deflection (FVpCp) 18 

Effect on lateral stability derivatives of - 

Addition of vertical tail (WpF and WxFVx) 19 

Addition of vertical tail (W^FC]_ and W^F^C^) 20 

Canard- surface size (complete configuration) 21 

Canard-surface deflection (WjJFV^C^) 22 

Effect of angle of attack on lateral aerodynamic 
derivatives 


23 



SUMMARY OF RESULTS 


A detailed discussion of results obtained in the investigation at 
Mach numbers from 0. 60 to 0-95 of an outboard-tail airplane model and 
a canard airplane model has been omitted; however, a few general obser- 
vations are made. 

For the center-of -gravity location selected for the present tests, 
the data for the outboard-tail configuration indicate longitudinal sta- 
bility and control up to moderate lift coefficients as well as lateral 
stability throughout the range of angles of attack. 

The data for the canard configuration indicate that longitudinal 
stability and control up to moderate lift coefficients were obtained 
only with the small canard surface. As the canard- surface size increased 
a forward movement in location of the center of gravity would be required 
as expected, for the configuration with the larger canard surfaces to 
have longitudinal stability and control. In general, the data indicate 
lateral stability throughout the range of angle of attack for the model 
with the small canard surface. However, the range of angle of attack 
for stability decreased with increasing canard- surface size. 


Langley Research Center, 

National Aeronautics and Space Administration, 

Langley Air Force Base, Va., June 2 6, 1961. 
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TABLE I. - GEOMETRIC CHARACTERISTICS OF OUTBOARD-TAIL MODEL 


Wing plus horizontal tail (used in reduction of data): 


Area, sq ft 1 . 278 

Span, ft 1 . 667 

Mean aerodynamic chord, ft 0.939 

Aspect ratio . 2.174 

Taper ratio 0. 222 

Wing (inboard of outer body, including fuselage intercept): 

Area, sq ft 1 . 000 

Span, ft 1 . 000 

Mean aerodynamic chord, ft 1 . 083 

Aspect ratio 1 . 000 

Taper ratio 0. 333 

Leading-edge sweepback, deg 67 . 01 

Trailing-edge sweepback, deg 19 . 65 

Airfoil section parallel to plane of symmetry - 

Root NACA 65A004 

Tip NACA 65 AOO 3. 5 


Body: 

Length, in 39 . 000 

Maximum cross-sectional area, sq in 6 . 072 

Diameter of equivalent circle, in 2.78 

Length-diameter ratio 14. 03 

Base area, sq in 2. 99 

Vertical tail (exposed), each: 

Area, sq ft 0. 104 

Span, ft 0.279 

Mean aerodynamic chord, ft 0.404 

Taper ratio O .33 

Leading-edge sweep, deg 64. 7 

Aspect ratio 0. 75 

Airfoil section parallel to plane of symmetry . Hexagonal 

Thickness, percent chord 4 

Horizontal tail (exposed), each: 

Area, sq ft 0. 099 

Span, ft 0.250 

Tip chord, ft 0 . 333 

Root chord, ft 0 . 458 

Leading-edge sweep, deg 6 l. 7 

Taper ratio 0 . 728 

Airfoil section parallel to plane of symmetry Hexagonal 

Thickness, percent chord 4 
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TABLE II.- GEOMETRIC CHARACTERISTICS OF CANARD MODEL 

Wing: 

Area, sq ft 1-375 

Span, ft 2.000 

Mean aerodynamic chord, ft 0.895 

Taper ratio - 

Inboard 0 . 533 

Outboard 0.500 

Total 0.167 

Sweep, deg - . A Ze 

Inboard 67-01 19-65 

Outboard 61.70 53-61 

Aspect ratio 2.91 

Airfoil section parallel to plane of symmetry at - 

Root . NACA 65AOOL 

0.5 semi span NACA 65AOO5.5 

Tip NACA 65AOO3 

Body: 

Length, in 39.000 

Maximum cross-sectional area, sq in 6.072 

Diameter of equivalent circle, in 2.78 

Length-diameter ratio 14.03 

Base area, sq in 2.99 

Vertical tail: 

Area to fuselage center line, sq ft 0.279 

Span, ft O.478 

Mean aerodynamic chord, ft 0.641 

Taper ratio 0.29 

Leading-edge sweep, deg 65. 0 

Aspect ratio 0.82 

Airfoil section parallel to plane of symmetry Hexagonal 

Thickness, percent chord 3 

Canard surfaces: Stmall (C2) Medium (Cq) Large (C3) 

Area, exposed, sq ft 0.044 0.104 0.166 

Span, total, ft O.387 0-548 0.666 

Tip chord, ft 0.113 O.I57 0.190 

Root chord (to center 

line), ft 0.282 0.391 0.476 

Taper ratio 0.410 0.410 0.410 

Midchord sweep, deg 0 0 0 

Ratio of exposed area to 

wing area 0.032 O.O76 0.121 


raw H 




vention 
merits, a 



Figure 2. - Drawing of outboard-tail model. 



L-1284 



Figure J. - Drawing of canard model. 
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Figure 4. - Concluded. 
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(c) M = 0.90. 


Figure 5.- Continued. 
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Figure 5 * - Concluded, 


Lift coefficient ,C t 


Drag coefficient , 


20 



Lift coefficient , C (_ 


Angie of attack t a^deg 


(a) M = 0. oO. 

Figure 6.- Static longitudinal stability characteristics for complete 
outboard-tail model with various control deflections. Transition 
free. 
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(c) M = 0.90. 
Figure 6. - Continuec . 
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(d) M = O.95. 


Figure 6. - Concluded, 


Lift coeff icient ,C> 




Drag coefficient 



Lift coe f f icient 





Lift coe fficien t f C L 


(b) M 


Figure 7 
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Transition 
° WF Free 

□ WF Fixed 

O WFBVH Free 

* WFBVH Fixed 



H 
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CD 


(c) M = 0.90. 


Figure J. - Continued. 
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Vertical tail 



-5 0 5 10 15 20 25 



Angle of attack, a ,deg 


Angle of attack , a, deg 


(b) M = 0. 90 and 0 . 95 * 


Figure 9 .- Concluded. 
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a, deg 
o 6 3 
□ 126 



Angle of side slip , f3, deg 


(a) M = 0. 60 and 0.80. 

Figure 10.- Static lateral stability characteristics for complete 
outboard-tail model at two angles of attack. Transition freej 
i t = 0°. 





























































Figure 12.- Static longitudinal stability characteristics for complete 
canard model with three canard- surface sizes. Transition free: 



























(c) M = 0.90. 
Figure 12 .- Continued 
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Canard size 

C t (medium) 

C2 (small) 

C 3 (large) 



Lift coefficient ,C L 


Figure ljj.- Variation of lift-drag ratio with lift coefficient for com- 
plete canard model with three canard- surf ace sizes. Transition free; 

&c = 0°. 
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(a) M = 0 . 60 * 

Figure 15 - Static longitudinal stability characteristics for canard 

7u w V n \ varlous contr °l deflections of small canard surface 
v v^Cp) . Transition free. 








































Figure 16-- Static longitudinal stability characteristics for canard 
model with various control deflections, of large canard surface 


(W 1 FV-,C^). Transition free, 





















- Static longitudinal stabi 


aving medium canard surface 

l). 6 C =0°. 




















(a) M = 0.60 and 0.80. 

Figure 18.- Static longitudinal stability characteristics for canard 
model less wing with two control deflections of medium canard sur 
face (FV-.C!) . Transition free. 




















































































































































